Nowadays, all industry, including the agri-food sector, faces the urgent need to increase its competitiveness in order to survive in a global market. In this context, it is vital to ensure a strong, renewed and innovative industrial base throughout all stages of the value chain, capable of competing internationally and differentiating itself by the quality of its products and services. Since wealth generation cannot be dissociated from productivity, which in turn is closely related to the trinomial: processes, technologies and quality, it is concluded that the implementation of this strategy requires a commitment to the qualification of organizational management, operational management, project management and processes and productive systems themselves and associated technologies. This paper presents the characterization of the energy consumption and technologies in bakery and pastry sector, one of the most significant in the Portuguese agri-food sector, by the analysis of the existing knowledge and information as well as from audits conducted in 17 companies distributed along North, Center and Alentejo regions. The results of this characterization aim to support the guidelines for training the SMEs of this sector in energy efficiency and for the adoption of new technologies in the production process based on Information and Communication Technologies & Electronics (ICTE).
Introduction
The Portuguese industry is composed mostly by SMEs. As such, competitiveness is higher and, in order to remain on the market, is necessary to have a sense of innovation and sustainability. Sales of this sector reached 205 million euros in 2016, 9% more than in the previous period, with Spain as the main destination of sales abroad, while the value of imports, in turn, stood at 318 million euros, 7.4% more than in 2015. This SMEs are also a source of employability, with 30,000 workers in 2016. One of the barriers to innovation and technological development for SMEs is the energy expenditure. The need to rethink energy assessment strategies coincides with industry's greater interest in controlling its energy costs (Thumann et al., 2015) .
Currently, a large percentage of the energy consumed by the industry comes from finite fossil fuels resources as shown in Figure 1 for the specific case of Portugal. Its production and consumption also have a high environmental impact, contributing to the change in climate, resulting from the released GHGs. Energy efficiency is seen as an opportunity for companies to become sustainable and part of the solution that, as a result, creates real value for the business, society and the environment. This paper is based on the study carried out in the +AGRO project (www.maisagro.pt) with the aim of formulating a study to characterize the productive process of SME in the agri-food sector in Portugal and, consequently, to qualify them for the adoption of strategies to increase their competitiveness. productivity and efficiency. To this end, relevant data were collected in the companies, a total of 17, located from north to south of the country.
Characterization of energy consumption in Portugal
At the beginning of 2000, with the onset of the economic crisis and the new political orientations, the main documents of the energy strategy emerged -the National Action Plan for Energy Efficiency (PNAEE) and the National Action Plan for Energy Renewables (PNAER). These documents "are based on the adoption of energy efficiency measures and the use of energy from renewable endogenous sources and, on the other hand, from the reduction of the extra costs of energy prices" (ENEI, 2013) . Compared with the 28EU's primary energy consumption, and based on data from 2014, Portugal is more dependent on oil, 43.4% from 34.4% of the European average, but on the other hand, it is less dependent on coal 12.8 % and presents a higher energy supply from renewable sources 26.2% compared to the average of 12.6% (Morais et al., 2018) . Over the last few years, Portugal has been focusing on increasing its renewable energy contribution to the electrical energy production capacity, as shown in Figure 1 . Figure 2 shows the disaggregated consumption per energy source.
To reduce energy dependence and grow in a more sustainable way, Portugal must promote the energy efficiency, requiring not only a rational use of energy, but also a change in people behavior. Mainly on industry, every necessary investment has associated a growth potential, which can generate value, employment and regional cohesion.
Industry is the largest consuming sector in Portugal, with final consumption of 5. 
Energy efficiency policies in Portugal
The term "efficiency" describes, according to Hordeski (2005) , the capacity of equipment that operate in cycles or processes, to produce the expected results. The National Energy Strategy (ENE) was launched in April 2010 and the main objectives of this plan for 2020 are as follows:
• Dependency: to reduce the country's energy dependence on foreign energy to 74% (it was 83% in 2008) and reduce the energy import balance by 25% with energy produced from endogenous sources;
• Renewables: 60% of the electricity produced and 31% of the final energy consumption originate from renewable sources; create another 100,000 jobs in addition to the 35,000 already existing (45,000 direct and 90,000 indirect) in the renewable energy sector; the impact on GDP will increase from 0.8% to 1.7% by 2020;
• Efficiency: 20% reduction of final energy consumption, in accordance with the Community's energy policy, and the development of an industrial cluster linked to the promotion of energy efficiency, ensuring the creation of 21,000 energy-generating a predictable investment of EUR 13 billion by 2020 and providing exports equivalent to EUR 400 million;
• Environment: compliance with the emission reduction targets assumed by Portugal within the European framework. ENE 2020 aims to implement a series of measures and strategies through the use of five major vectors: competitiveness, growth and energy and financial independence; commitment to renewable energies; promotion of energy efficiency; ensure security of energy supply; economic and environmental sustainability.
Efficiency Indicators in industry
The primary objective of energy indicators in industry is to obtain an understanding of the major techno-economic influences on the total final energy consumption industry and in individual industrial subsectors or branches. The analysis of energy indicators should also help to relate energy consumption changes to energy efficiency policies or environmental policies, energy price changes, changes in the foreign trade of energy-intensive intermediate or final products and structural impacts due to business cycles to tailor instruments to improve energy efficiency more satisfactorily. The energy intensity of a company relates the final energy consumption to the gross value added, being strongly related to the type of industries and their level of technological development, translating into an economic index of energy efficiency. The other economic index is the Specific Energy Consumption (SEC), which is the quotient of the total energy consumption and the quantity of final products, in which differences in the production process and type of equipment used between companies can mean big differences. Is used in many scientific studies to analyze the evolution of energy efficiency in industry (ICAEN, 2010; Murray, 2010; Ramirez et al., 2006; Singh, 1986) . This indicator provides information about the energy use per unit of production and can be used to characterize the energy performance of industry through benchmarking analysis. According to Phylipsen et al. (1997) , the energy consumption in the industrial sector is determined by the level of activity, structure of the sector and energy efficiency. The changes in energy consumption of industries are not exclusively related to improvements in energy efficiency in industrial processes, but also related to several other factors: political, economic and environmental.
To be effective, energy management programs should include four main sections: (1) Analysis of historical data; (2) Energy audit and accounting; (3) Engineering analysis and investments proposals based on feasibility studies; (4) Personnel training and information (Abdelaziz et al., 2011) .
For practical use of these indicators it is necessary to simplify the presentation by constructing appropriate aggregates for most structural effects. Structural changes, the effects of international trade and permanent changes in energy consumption are mainly driven by improvements in efficiency. Such improvements can be explained mainly by various technological changes, as well as influenced by other factors: Changes in technical efficiency; Replacement of technological processes; Changes in the manufacturing process used, (e.g., dry-path wet-making ceramics or vice versa) that reduce the process energy consumption.
Technologies
Also designated by IT (technology information), they constitute the technologies and methods of data communication. Examples are computers, television, mobile phone, internet, wireless technologies (Wi-Fi), etc. These technologies have enormous strategic value and contribute to the modification of society. Nowadays they are a constant presence in our daily lives, either on a factory assembly line, for example, or when we get a transport ticket. But how can they contribute to the efficiency of this food sector? Applications of technologies have tremendous potential to reduce industrial energy use (Abdelaziz et al., 2010) .
The technological environment in which low-energy cooking technologies are embedded can be investigated in two scales: limited to furnace technologies or, on a broader scale, to energy efficiency technologies of the whole industry. In the case of technologies, innovation is limited due to the nature of the industry, however, it has a great potential to be adopted by customers if it proves that it can reduce the energy expenditure (ONIRIS, 2015).
Methodology
For the elaboration of the present study, it was necessary in the first instance the contact with the companies, where they were explained the objectives and what was intended of them to be able to participate. After the first contact, it was necessary to visit all the facilities to present the project in a more dynamic and interactive way, allowing to know the dynamics of the company.
To carry out the initial information collection, a data collection model was developed that reflected the current characteristics of the company/industry. This study was part of a larger study, +AGRO: Organizational, Energy and Occupational Health and Safety qualifications in the AgriFood Industry (www.maisagro.pt), described in .
Objectives: To carry out a general characterization and an energetic characterization of the companies under study. Sample: The data collection model was applied to 60 agro-food companies from 4 different sectors.
Variables:
The following variables were analyzed: Chamber volume, material used for insulation and flooring.
Method of Collection:
In person, through meetings and using appropriate equipment. In order to maintain the privacy of the companies, a numerical codification was adopted and assigned to each company according to the sector of operation and the region.
Measurement of parameters
In order to evaluate the energy characterization of each company, it was requested the documentation from 2015, unfortunately some companies did not have old documentation, which has led to the collection of more recent data. It was necessary the installation of energy analyzers in the electric boards, which allowed the acquisition of the necessary data for the elaboration of the study. For refrigeration and freezing equipment, the data collected concern the temperature and humidity inside the chambers, as you can see in Figure 6 .
To obtain the data, the following equipment was used: Equipments for individual safety; Clamp meter; Multimeter; Power analyzers; Multicontacts; Infrared Distance Meter; Camera; Other general tools.
Data were also required from companies such as: Energy consumption (electricity, gas oil, natural gas, propane gas, firewood, naphtha, pellets, others); Disaggregation of the consumption of electric energy; Characteristics of cold rooms;
Results
From the data collected in the companies, it was possible to start the analysis and interpretation of the data provided in the scope of the project. Is possible so observe that the investment in renewable energies by this sector is still far from ideal, with none natural resource as energy source. In Figure 3 we find the average annual energy consumption of the 17 companies audited. The sector as a preference for wood and diesel, with an energetic expense of approximately 23000€/year. Normally these materials are used to ignite the ovens or heat water.
The materials used to construct the chambers are also evaluated, since the chambers are one of the most important equipment in that sector. In the total of 76 chambers, 19 of them didn't have floor in chambers as you can see in Figure  4 . The non-use of insulation on the floor of the chambers is due to the fact that cameras with positive temperatures do not need the same, for money saving and hygiene reasons. Relatively to the material chosen for the flooring, 85% of the chambers use insulation panel, as show in Figure 5 . In all the chambers, this insulation panel is made from polyurethane because has good thermal insulating properties, The range of temperature and humidity values recorded inside the chambers of the companies are shown in Figure  6 . These data are complementary to those presented previously, since greater thermal losses due to the insulation, forces the equipment to work in effort to compensate the thermal loads. Heat generators are used, preferentially, for steam produce and for heating of the baking oven. To start the mechanism is necessary fuel. In Figure 7 a), we can observe that there is a preference for propane gas with 80% of utilization. 
Measures of energy efficiency
There are two sets of energy efficiency measures classified as Transverse Measures and Specific Measures for each industry sector. The transversal measures translate four groups of technological performance: Electric Motors, Heat and Cold Production, Lighting, Industrial Process Efficiency and Other Measures not specified.
Transversal measures can be applied to most Portuguese industries. Measures of this type are those that have the greatest effect in terms of increasing energy efficiency for the Portuguese economy as a whole, and as such, it is important that the main sector managers have brief technological data on the importance and potential technical impact of these various measures.
Previous detailed audits carried out on a small number of cold stores have confirmed that energy consumption can vary considerably and that this was due to a variety of factors (Evans & Gigiel, 2007; Evans & Gigiel, 2010; Evans et al., 2014) . These surveys also demonstrated that energy savings of around 30-40% were achievable by optimising usage of the stores, repairing current equipment and by retrofitting of energy efficient equipment (Evans et al., 2014b) In industrial facilities, the use of energy cost forecasting techniques can accurately predict the associated costs, minimizing the uncertainty of the savings achieved. The continuous increase in electricity supply costs and consequent reductions in trade ratios and product competitiveness, lead to the major technological revolution experienced the industry's production processes (Nunes et al., 2011; Silva et al., 2014; Celorrio et al., 2017) . In addition to the acquisition of modern, high efficiency equipment, there are several options to improve the cold production systems, such as (Fuentes-Pila & García, 2014; Silva et al., 2016) .
Project InovEnergy was developed in Portugal to identify the energy consumption profiles of the agrifood industry and promote and develop actions that contribute to the real improvement of energy efficiency and the competitiveness of this sector. This project is aimed for the energy characterization by sector, including meat, fish, milk, horticultural (fruit and vegetables), wine and vineyard and distribution sectors (Nunes et al., 2014b; Nunes et al., 2015; .
Lighting
Lighting is one of the most important components of energy expenditure. Savings can be achieved by reducing the level of illumination, by improving system efficiency by adopting more efficient lighting, an effective use of available daylight or by managing hours of operation. By reducing the lighting component, it may be possible to vary the energy required for the building climate. In Figure 7 b), we can see that LED illumination is not yet an option for companies in bakery sector, with equal preference in fluorescent and incandescent.
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Thermal insulation
Thermal insulation has the function of reduce heat exchanges between the internal and external environment. These materials can be adjusted to the place where they are installed, whether in size, shape or surface appearance. A reduction of the heat transfer with the external medium is a crucial measure for energy conservation, improving the energy efficiency of an industrial facility. It has a reduced investment against the advantages obtained. Its use allows to: Reduce energy costs by minimizing heat losses; Reduce condensate; Provide protection for the cold; Protect equipment; Control process temperatures; Protect against fire; Serve sound insulation.
Equipment maintenance
The refrigeration cycle is a process that involves large energy consumption for removing the heat inside cold rooms, enabling the conservation of food products stored therein under appropriate conditions of temperature and humidity . The maintenance of equipment and installations is fundamental to guarantee the efficiency of the performance of the technical installations. The most common is to perform only emergency corrective maintenance, without any programming, causing unnecessary damages and costs to the company. Currently, maintenance processes have evolved, and several industries are already aware that maintenance is an important practice, it is a fundamental support to achieve the strategic objectives of companies, and more, it is profitable. Maintenance activities, when organized and carried out, results in an increase in the useful life of the equipment.
Power management
The use of automatic energy control systems can promote energy savings. Rising energy prices and lower prices for computers and microprocessors have encouraged the development and adoption of these control systems.
An energy management system can efficiently control all the systems in a factory, such as HVAC, lighting, ventilation and all equipment dependent on electrical energy. This management works by selecting the optimal point of operation and taking into account variables such as time of use, weather conditions, occupation and energy price.
The basic principles for conserving energy in a building are: Use of equipment only when necessary; Elimination, or minimization, of simultaneous heating and cooling processes; Supply of cold air and hot air according to the needs of the process and always from the most efficient source.
For example, electronic variable speed drives can be installed in compressors and fans, allowing the regulation of the energy consumption in load from 25% to 100%. Electronic starters can also be installed to reduce power consumption at startup. Also, conducting audits contributes to the definition of sectors or equipment where monitoring and control procedures, such as meter installation, are warranted. In this context it is also suggested the regular analysis of energy consumptions, with the objective of verifying the change in the registered consumption pattern; the comparison of the company's specific energy consumptions with others of the same industry (benchmarking analysis) and to set goals of energy saving .
Training and raising awareness of human resources
A real energy efficiency policy is not just about equipment but also about all areas adjacent to production. The training of employees allows the measures to be implemented in a more natural way in order to eliminate less correct behaviour in the field of energy consumption. To this end, companies should carry out awareness raising actions that focus on the following aspects: Environmental impacts associated with high-energy consumption; The benefits of implementing energy efficiency measures; The energy dependence of industries and how the situation can be reversed:
Water or air heating
Hot water is usually required in several processes: toilets, lavatories, heating or steam production. There are several options for water heating: (1) Use thermal solar energy by high efficiency solar panels equipped with high transparency glass for water heating achieving 50% to 70% of energy savings; (2) recover the heat dissipated by the compressors, using heat recovery units to heating of air or water; (3) recover heat from the exhaust with economizers or condensation in the boilers, reducing the overall power consumption of the boiler. .
Conclusions
Being a matter of extreme importance for the development of SMEs, energy efficiency is also the future of humanity. Strategies for obtaining more energy services such as heat, light or mobility with the same or less energy input have recently attracted increased attention from policymakers and academics alike (Schleich, 2009) .
Through the data collected, is possible to verify that there are chambers where their material size design was not the most adequate, resulting in thermal losses and, consequently, a greater energy expenditure to maintain the conservation environment. Currently few cold store operators have the tools to be able to identify the most appropriate energy savings options, e.g. energy efficient fans, low energy lights, strip curtains etc. Most energy saving options are only selected and then installed after a case has been made for a relatively short payback period (Foster et al., 2013) .
In general, the conservation of food products by cold, assuming that it is done correctly and without breaking the cold chain, has the ability to preserve most of the nutritional characteristics of food. (Maxime, 2006; Xue et al., 2013 Nunes et al., 2016a) .
The adoption of energy efficiency measures by SMEs may appear an exorbitant investment in the short term but equips them with the essential tools to tackle national competition by allowing profits to be directed to areas such as logistics, for example. These investments resulting from the savings in the energy expenditure, make the internationalization of food products also possible, and with this, the valuation of the company and the product.
